INTRODUCTION
============

TLRs are the most studied pattern recognition receptors (PRRs), which are characterized by at least 3 domains namely the cytoplasmic (for signalling purpose), the transmembrane and the extracellular domain (microbial pattern recognition) ([@B1][@B2][@B3]). TLRs are called toll/IL-1R domain because they have similar cytoplasmic domain even though their extracellular domains are different. The extracellular domain of TLRs is made up of leucine rich repeats (LRRs) whilst that of IL-IR is like an immunoglobin ([@B3][@B4]). The main function of TLRs in innate immunity is to recognize pathogen associated molecular patterns (PAMPs) and danger associated molecular patterns (DAMPs) ([@B5]). Once PAMPs or DAMPs have been recognized by TLRs, TLRs respond by recruiting phagocytes to the site of infection, expression of mainly inflammatory mediators like chemokines and cytokines which will subsequently result in microbial killing ([@B6][@B7]).

Up to date, ten members of TLRs have been identified in humans and they are TLR1 through TLR10, with TLR10 being the latest to be discovered ([@B1][@B8][@B9]). There is differential distribution of TLRs within a cell and they are further grouped based on their cellular location. TLRs on plasma membranes are TLR1, TLR2, TLR4, TLR5, TLR6 and TLR10 whereas those on endosomal membranes are TLR3, TLR7, TLR8 and TLR9 ([@B9][@B10]). Each TLR recognizes specific PAMPs from microbes/pathogens. The PAMPs recognized by TLRs can be from viruses, bacteria, fungi and protozoa ([@B1][@B7][@B10]). Endosomal TLRs mainly recognize nucleic components of pathogens with TLR3 sensing double-strand RNA, TLR7 and TLR8 sensing single-stranded RNA, and TLR9 sensing CpG DNA ([@B1][@B7][@B9][@B10][@B11]). Extracellular TLRs sense different types of PAMPs with TLR4 sensing quite a number of them, including lipopolysaccharides and taxol, and TLR5 recognizes flagellin ([@B7][@B8]). TLRs play vital roles in both inflammatory and infectious diseases ([@B12]).

When a PAMP has been sensed by a TLR this result in homodimerization or heterodimerization of the TLR. TLRs can be either myeloid differentiation primary response 88 (MyD88) dependent or independent ([@B4][@B5]). All TLRs function by recruiting MyD88 with the exception of TLR3 which functions by recruiting TIR domain containing activator of TLR (TRIF) in a TRIF-dependent signalling pathway. Besides TLR3, TLR4 can also recruit TRIF through the use of an additional adaptor, TRIF-related adaptor molecule. The MyD88 signalling pathway is initiated by recruiting IL-1R associated kinase proteins such as TNF receptor-associated factor 6 and TGF-β activated kinase 1 which will in turn result in the activation of NF-κB which will as a result turn transcription of inflammatory cytokine genes ([@B1][@B2][@B3][@B4][@B6][@B7][@B8][@B13]).

TLR10
=====

Unlike other TLRs with well-defined function and mode of action, TLR10 is considered to be an orphan receptor with ligands and functions which are not well understood ([@B14]). The biology and ligand specificity of TLR10 remains an area that need to be demystified ([@B15]).

The gene that code for TLR10 is located on the same gene cluster with TLR1, and TLR6 ([@B15][@B16][@B17][@B18]) and its on chromosome 4p14 ([@B16][@B17][@B19]) as shown in [Fig. 1](#F1){ref-type="fig"}. According to Chuang and Ulevitch ([@B20]), the TLR10 gene encodes 811 amino acids with a molecular weight of about 94.6 kDa. TLR10 gene can be found in other mammals like sheep, pigs, horses, rats and cattle, however mice have a pseudogene ([@B21]). Phylogenetic analysis indicated that TLR10 is more similar to TLR1 and TLR6 with an overall amino acid identity of 50% and 49% respectively ([@B20]). Even though TLR10 is homologous to TLR1 and TLR6, Shinkai et al. ([@B22]) stated that there are differences in expression patterns and signal transduction pathways in TLR10. Like other TLRs, TLR10 is highly expressed on immune cells such as eosinophils ([@B23]), dendritic cells (DCs), neutrophils, and B cells, however, its expression is not limited to cells of the immune since it can be found in non-immune cells such as trophoblasts ([@B14][@B15]). Unlike TLR1 and TLR6, TLR10 is expressed in a highly restricted fashion as a highly N-glycosylated protein, which was detected in B cell lines, B cells from peripheral blood, and plasmacytoid DCs from tonsils ([@B18]). Activated B cells express more TLR10 compared to resting B cells ([@B24]). Cells which express TLR10 are found in organs and tissues, lymphoid organs such as the spleen, lymph node ([@B25]) and some mucosal sites, including the small intestine, stomach, fallopian tubes and eye ([@B14]).

![Schematic presentation of TLR10 gene. TLR10 is located on 4p14 of chromosome 4 on the same gene structure with TLR1 and TLR6. Like other TLRs, TLR10 gene also encodes LRR, TM, and TIR which are a hallmark of TLRs.\
TM, transmembrane, CT, C-terminal.](in-20-e21-g001){#F1}

When compared to other TLRs, TLR10 is not highly expressed in tissues of the lymphoid system. Surprisingly, TLR10 is also expressed on Tregs where its expression is controlled by forkhead box P3 (FOXP3), speculating that TLR10 may have a different function with other TLRs ([@B17][@B26]). According to Bell et al. ([@B26]), primary human T cells and a reporter assay in Jurkat T cell lines were used to dissect the regulation of TLR10, a TLR highly expressed in human Treg cells. The expression of TLR10 in human Treg cells was determined through quantitative PCR, Western blotting, and flow cytometry. DNA binding of FOXP3 to a suspected cis-regulatory region in proximity to the transcription start site of TLR10 was established through EMSA and chromatin immunoprecipitation. Transcriptional control of TLR10 by FOXP3 was determined through luciferase reporter assays in Jurkat T cell lines. Relevance of FOXP3 to TLR10 gene transcription in primary T cells was established through the transfection of primary CD4CD25FOXP3T cells with a FOXP3 expression vector, which resulted in prompt production of TLR10 mRNA. The calcium-dependent fashion was used to enhance the expression of TLR10 protein in primary Treg cells through TCR activation. The abolition of the luciferase signal upon transfection of a mutant FOXP3 devoid of NF-AT-binding activity was suspected to establish the promotional between FOXP3 and NF-AT. The findings of the study showed that human Treg cells express TLR10, and this expression is regulated through a cooperative complex of FOXP3 and NF-AT ([@B26]).

TLR10 can homodimerize as well as heterodimerize with TLR1, TLR2, and TLR6 ([@B16][@B18][@B27][@B28]), but the function of the individual TLR in the resultant complex remains to be elucidated ([@B16]). The homodimer (TLR10/TLR10) and heterodimer (TLR10/TLR2) can recruit MyD88 ([Fig. 2](#F2){ref-type="fig"}), however they all failed to activate a TLR-induced signalling such as the activation of NF-κB ([@B21]).

![Schematic signalling of TLRs via MyD88 dependent pathway. Both the homodimer of TLR10 and the heterodimer of TLR10/TLR2 can recruit the adaptor protein MyD88 and the downward signalling pathway remains an area to be elucidated. The homodimer and heterodimer of TLR10 can reduce production of IL-1β by directly inhibiting MyD88 or MAPK. TLR10 has also been shown to increase production of IL-1Ra (with anti-inflammatory) ([@B15][@B29]) but the mechanism still remains a mystery as shown by the question marks.\
IRAK, IL-1R associated kinase, TRAF6, TNF receptor-associated factor 6.](in-20-e21-g002){#F2}

BIOLOGICAL FUNCTIONS OF TLR10
=============================

Since the discovery of TLR10 by Chuang and Ulevitch ([@B20][@B29]), a lot of research in trying to find the biological significant of TLR10 has been done ([@B30]). Interestingly, discordant results were found based on TLR10 biological function. Some studies showed TLR10 to be an inflammatory PRR which can activate NF-κB, whilst others have shown TLR10 to be an anti-inflammatory PRR.

In an attempt to find the biological function of TLR10, Oosting et al. ([@B15]) used anti-TLR10 Abs, and they observed an increase in the production of inflammatory cytokines IL-1β, IL-6 and the chemoattractant, IL-8 and to a lesser significant TNF-α, when compared to the control without anti-TLR10 Abs. To find how TLR10 was exerting its suppressive effect, they cultured human embryonic kidney (HEK) in the presence TLR2, Pam3Cys (TLR2 ligand) with either TLR1 or TLR6 or TLR10. There was a reduction in the production of IL-8 in HEK cells with TLR10. To confirm that TLR10 functions by inhibiting TLR2, HEK cells were cultured with TLR5, flagellin (TLR5 ligand) and TLR10 and they found no change in the production of IL-8 ([@B15]). Another study which was carried out in a cohort of Spain rheumatoid arthritis (RA) patients was able to show the inhibitory effect of TLR10 on NF-κB transcription ([@B16]), and the details are in polymorphism section. Vitamin D active metabolite, which is a well-studied promoter of anti-inflammatory cytokines ([@B31]) was able to upregulate the expression of TLR10 in both monocytes ([@B17]) and microglial cells ([@B32]). When microglial cells were used, an upregulation of TLR10 expression was observed and this was accompanied by an increase in M2 cytokines such as IL-10 and a decrease in M1 cytokines such as TNF-α and IL-12 ([@B32]).

Another study supported the role of TLR10 as an inhibitor of MyD88 dependent and independent pathways. In their experiment Hess et al. ([@B30]) used monoclonal Abs (activator of TLR10) to TLR10 and they observed a reduction in the production of pro-inflammatory cytokines, IL-6 and TNF-α. Even though the signalling method involved is not fully elucidated, they explained that there was inhibition of both IκB degradation and phosphorylation of MAPK and PI3K/protein kinase B (Akt). They also showed the involvement of TLR10 in differentiation of DCs. TLR10 was shown to reduce the expression of costimulatory receptors on DCs and it also affected DC maturation and their ability to activate T cells ([@B30]). To investigate the downstream signalling of TLR10 as a homodimer or as a heterodimer with TLR2, Pachathundikandi and Backert ([@B33]) used HEK293 to investigate the expression of mRNA of the genes encoding pro-inflammatory cytokines and they observed that TLR2/HEK293 significantly upregulated IL-1β but not control cells or TLR10/HEK293.

The ability of the immune system to enhance a long-term immune response and resistance to heterologous infections is termed trained immunity. The role of TLR10 in trained immunity has also been studied. TLR10 can induce trained immunity *in vitro* as recently observed by Mourits et al. ([@B29]) who used β-glucan and BCG. In addition, these researchers also observed the role of TLR10 as an anti-inflammatory cytokine via *ex vivo* increased production of IL-1Ra preceded by engagement and crosslinking of TLR10 ([@B29]).

B cells are one of the immune cells that express TLR10 and the expression of TLR10 in B cells amongst RA patients in Chinese population was also studied. In this study the researchers found that both the health controls and RA subjects expressed TLR10 on CD19^+^ B cells, however the percentage of TLR10 expression increased with severity of disease. In this study the authors found TLR10 to be an inflammatory PRR after they observed higher levels of IL-1β in RA subjects ([@B34]). RA disease is a hyper-inflammatory one, hence it is expected that the subjects were having high levels of inflammatory cytokines, and in regard to this we strongly suggest an independent research without intermitted variables like RA, that will use the B cell subset that the authors used and do an *in vitro* analysis that will involve the use of inhibitors to the TLR10 and compare with one without inhibitors. Another study which used NC1-N87 gastric cells co-cultured with *Helicobacter pylori* concluded that, the heterodimer of TLR2 and TLR10 upregulated the activation of NF-κB to a larger extent when compared to other TLR2 heterodimers ([@B35]). In another research, silencing of TLR10 resulted in increased viability of *Listeria monocytogenes*, and the authors found out that the heterodimer TLR2/TLR10 was the one responsible for the activation of NF-κB ([@B36]).

The differences in the biological functions of TLR10 observed in several studies could be as a result of the complexity of TLR10 mechanism of action which include competition for the formation of TLR2/TLR10 heterodimer, competition for the ligands and induction of PI3K/Akt ([@B16]). TLR10, unlike other TLRs is also expressed on Treg cells speculating a different function. To fully understand the function of TLR10 researchers need to work on individual cells expressing TLR10. The heterodimerization of TLR10 with other TLRs such as TLR2 results in a complex where the function of each TLR in the complex is not known. Understanding the role played by each individual TLR in the complex may answer the variations observed different functions of TLR10.

LIGANDS FOR TLR10
=================

Given the potential role of TLR10 as a receptor which induce anti-inflammatory activity, there is need to look for ligands specific for this TLR. Ligands which interact with TLR2 are also thought to be ligands for TLR10 and these include Pam3Cys and FSL-1. *Borrelia burgdorferi*, the causative agent of Lyme disease which is mainly sensed by TLR/TLR2 heterodimer is also likely to be a source of PAMPs for TLR10 ([@B15]). Using computational modelling, it has been suggested that, the homodimer of TLR10 senses diacylated lipopeptides ([@B17][@B21]). An artificially created chimeric receptor which was made by combining the extracellular domain of TLR10 and the intracellular/cytoplasmic domain of TLR1 showed that TLR2/TLR10 heterodimer recognizes several PAMPs which are recognized by TLR2/TLR1 heterodimer ([@B17]). Lipopolysaccharides were also identified as potential ligands for the TLR2/TLR10 heterodimer in *H. pylori* infection. This finding is of interest, because lipopolysaccharides of *H. pylori* do not vigorously cause a TLR4 response as expected ([@B35]). Regan et al. ([@B36]) pointed out that *L. monocytogenes* is a source of a TLR10 PAMP since it was able to cause the activation NF-κB through the TLR2/TLR10 heterodimer. Recently, HIV-gp41 has been identified as a ligand for TLR10 ([@B14]).

POLYMORPHISM IN TLR10 AND RELATED DISEASES
==========================================

Genetic variations found in the TLR10 gene may cause a shift in the levels of pro- and anti-inflammatory responses and hence, enhance the susceptibility to autoimmune diseases, cancers and infections. In a cohort that involved Spain RA patients, polymorphism was observed at position 437 within the β-strand of TLR10 which is part of the LRR domain. This polymorphism resulted in the change of the hydrophobic amino acid isoleucine to the polar amino acid threonine. The other members of TLR10 family have hydrophobic amino acids at position 437 as well, and these are isoleucine and valine for TLR2 and TLR1 respectively ([@B16]). The change from a non-polar amino acid to a polar amino acid may cause the resultant protein not to perform its function properly. The functional consequences of the I437T variant was tested by generating the I437T variant via site-directed mutagenesis. K562 cell lines were co-transfected with either the wild type or the mutant TLR10 and their results showed that the wild type TLR10 inhibited the transcription of NF-κB after K562 cells were stimulated with TNF-α ([@B16]).

The non-synonymous single nucleotide polymorphism (SNP), rs11096957, which was found in a Han Chinese population of hip osteoarthritis, was found to be significantly correlated to increased risk of hip osteoarthritis ([@B37]). In regards to Crohn\'s disease, 4 SNPs were found to be associated with susceptibility to the disease and these are, rs7653908 ([@B38]), rs7658893 ([@B12][@B38]), rs6941698, rs10024216, and rs4274855 ([@B12]). In these 2 studies discordant results were observed, Morgan et al. ([@B12]) was able to find an association in 2 SNPs which were considered to have no association by Abad et al., ([@B38]) and one SNP, where Abad et al. ([@B38]) was able to find an association, Morgan et al. ([@B12]) did not find an association. Despite their discordant results which might need another research in a different population, it is relatively clear that a variant in TLR10 gene may increase susceptibility to Crohn\'s disease. No TLR10 SNPs were found to be associated with aspergillosis in a study that was carried out by Smith et al. ([@B39]) in a selected Caucasian population, however their results showed that TLR10 was lowly expressed in monocyte-derived-macrophages of aspergillosis subjects as compared to the healthy ones. Their findings do not rule out the effect of TLR10 variant in aspergillosis, but mark the beginning of an area that need to be studied. The TLR10 rs10004195 SNP was found to increase susceptibility to *H. pylori* ([@B40]). In addition, abnormalities in TLR10 (SNP rs10004195) were also found to be positively correlated with Hashimoto\'s disease ([@B41]).

A study which was carried out in Korea found a SNP which was more common in papillary-thyroid-carcinoma (PTC) patients as compared to those without the disease. The rs11466653 SNP which was found at position 326 resulted in a change of amino acid from methionine to threonine hence Met326Thr. The frequency of this SNP in the diseased subjects was 87.2% indicating that this SNP might increase the risk of developing PTC ([@B42]). Purdue et al. ([@B43]) also linked variations in the TLR10 gene to increased risk of cancer but in this case to Non-Hodgkin lymphoma (NHL). A reduced risk to prostate cancer was observed as a result of TLR10 rs11096955 (Ile369Leu) and TLR10 rs11096957 (Asn241His) ([@B44]). Another disease which has been associated with TLR10 polymorphism is IgA Nephropathy. This was carried out in Korean population and they concluded that the rs1004195 SNP may have increased susceptibility to IgA Nephropathy ([@B25]). Other TLR10 polymorphisms which have been associated with disease severity and or increased risk include 720A/C and 992/TA in Crimean-Congo haemorrhagic fever (CCHF) ([@B45]), rs10004195 in *H. pylori* ([@B46]), variants increasing susceptibility to tuberculosis ([@B47]) and Niemann type C ([@B48]).

TLR10 AS A TARGET IN THERAPEUTICS AND DIAGNOSTICS
=================================================

Several studies have proven the relationship between genetic variation in TLR10 with the risk of developing autoimmune diseases such as RA, infectious diseases such as tuberculosis, inflammatory diseases such as asthma as well as cancers amongst others ([@B34]). Other diseases which have been associated with polymorphism to TLR10 include Crohn\'s disease, influenza, HIV ([@B14][@B28]) and *H. pylori* infections ([@B33]), aspergillosis, allogenic stem cell transplantation, thyroid disease, NHL, bladder and nasopharyngeal carcinomas ([@B39][@B42][@B43]), and IgA nephropathy ([@B25]).

In brain pathology, M1 macrophages are considered as neurotoxic whereas M2 macrophages are neuroprotective. Microglial cells express TLR10 and this receptor was shown to inhibit MI cytokines but promote M2 cytokines indicating that TLR10 may have a protective role in the brain. Compounds or metabolites that promote the differentiation of M2 macrophages in the brain can be used in brain therapeutics ([@B32]). RA is an autoimmune disease which is characterised by hyper-inflammation. TLR10 may be a good immunotherapy to patients with diseases such as RA due to its function in inhibiting inflammatory cytokines. Inhibition of NF-B by TLR10 will limit the activation of inflammatory genes which when properly regulated will result in autoimmune disorders ([@B16]). In a study carried out by Zhang et al., ([@B34]) they observed that the percentage of TLR10 expressed on CD19^+^B cell subsets increased with disease severity, suggesting TLR10 to be a possible marker for disease severity in RA. In a Turkish population, the TLR10 720/C and 992TA polymorphism was found to be positively correlated with disease severity and the authors concluded that TLR 10 polymorphisms may also be an important biomarker for CCHF susceptibility and fatality rate ([@B45]). TLR10 gene was found to have an impact on adipose tissue morphology in obesity. The authors recommended further studies in humans to assess its potential value as therapeutic target in metabolic syndrome and type 2 diabetes ([@B49]).

CONCLUSION
==========

TLR10 is an endosomal TLRs whose biological functions in humans is yet to be fully elucidated. To exert its function, TLR10 can homodimerize or heterodimerize with TLR2. Unlike other TLRs which are highly expressed in immune cells of the innate immune system, TLR10 is also expressed on Treg cells indicating a different biological function to other TLRs. When TLR10 heterodimerize with TLR2, most ligands that are recognized by TLR1/TLR2 heterodimer are also recognized by TLR10 heterodimer. HIV-gp41 has been newly identified as a ligand for TLR10. Both the homodimer and heterodimer can recruit MyD88, however they all fail to activate the downstream signalling pathway. Quite a number of studies have proven the role of TLR10 and as an inhibitor of inflammatory cytokines even though others have shown it exert inflammatory properties. The differences in the biological functions of TLR10 observed in several studies could be as a result of the complexity of TLR1o mechanism of action which include competition for the formation of TLR2/TLR10 heterodimer, competition for the ligands and induction of PI3K/Akt. SNP in TLR10 gene has been associated with increased susceptibility to diseases such as RA, hip osteoarthritis, thyroid carcinoma and increased resistance to prostate cancer.

Understanding the complex mechanism employed by TLR10 to exert its function will be beneficial to the field of health as this will give a starting point in therapeutics and diagnostics of diseases which can be directly affected by polymorphisms in TLR10. There is a lot of research that should be done to understand the signalling of TLR10. We recommend the use of rat as an animal model because a complete TLR10 gene was sequenced in rats.
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